Background Road traffic accidents (RTA) are an important yet preventable cause of death and disability in developing countries like Pakistan. Yet accurate epidemiological data on injuries in developing country injuries is often difficult to obtain. We applied the capture-recapture method to estimate the death and injury rates due to RTA in Karachi.
this public health problem, and provide a rational basis for policy decisions. Yet, accurate epidemiological data from many of the developing countries are difficult to find in the literature. 9 Injury data from developing countries is primarily based upon either hospital logs ''' or is derived from police records.
12 " 16 It is believed that both these sources underestimate the total burden of the injuries. Hospitals tend to see more severe forms of injuries only. 1 Furthermore, published hospital series are unlikely to reflect all those who seek health care following RTA. In Karachi, Pakistan, for example, it is difficult to find out the total number of hospitals, let alone the RTA related injuries and deaths seen by each of them. Rates based on figures from a few of these hospitals would be expected to underestimate even the severe forms of injuries in the community. Similarly, studies which simply compared the police data with hospital data have consistently found that police data underestimate RTA 15 " 17 ranging from 60% underestimation in Al Ain City 17 to 80% underestimation in Saudi Arabia. 18 Since none of these compared police records with the actual rates in the community it is likely that they have underestimated the underreporting by the police. While accurate death and injury rates would best be generated through community-based studies, such studies are expensive and therefore difficult especially for a developing country like Pakistan. The capture-recapture method has been used extensively in the biological sciences 19 and medicine for estimating difficult to count populations. 20 ' 21 It has been used in many different settings. 22 " 24 The method is based on matching two independent samples to arrive at an estimate of the total. In this study, the capture-recapture method was applied using combined records from police sources, and a large ambulance service in the city to estimate more accurately the death and injury rates due to RTA in Karachi, Pakistan.
Methods nearest hospital. Information regarding the name and age of the victim, the time of accident, the place of accident and vehide type and registration number is noted. The National Identity Card, which is carried by most city dwellers is used in cases where victims are unable to give their name and age. Once the patient has been transported to the hospital, the ambulance driver reports the information to the Edhi information bureau which records all such information in a log.
We used a two sample capture-recapture method. The first capture was all deaths and injuries due to RTA reported by the traffic police in their daily report. The recapture was the EAS logs. Cases were matched for the year 1994 except for 42 days (25 March-5 May) for which the ambulance log was missing.
Each injury case in the police data was matched with EAS data on seven variables: the name of the victim, date, time and place of the accident, the types and the registration number of the vehide involved, and the outcome (alive or dead). The Karachi is the largest dry of Pakistan, and one of the seven name of the victim in the ambulance service log was in Urdu, largest dties in the developing world with a population of the national language of Pakistan, while police reported it in 9.9 million, 25 859 459 registered vehides 26 and 245 km of English. The names were considered matched if the proroads. 27 nundation was similar in both languages. The street system in Police records are the main source of information regarding Karachi is poorly organized. Street names are hard to find and RTA in the dty. Some of the acddents are registered by the numerical addresses rarely available. Many major roads of the police at the time, as is required by offidal policy when there is dty have more than one name. Places in Karachi are often loss or damage to life or property. However, most are reported identified by a landmark like a well known shop or a mosque or to the police through the medicolegal officer based in five other building. If the study reviewers, who were knowledgeable government run hospitals, where presumably most of the about the dty, judged the place similar in both the capture and trauma patients go for treatment. Although it is a legal requirerecapture, it was considered matched. Time' was considered ment to report all motor vehicle collisions resulting in injuries, matched if the recorded time from the two sources was within it has been observed that only a few cases are reported formally.
one hour of each other. Date, type of vehide and registration One reason is that people would rather pay the modest bribe to number of vehicle were considered as matched if they were the police rather than get involved in a tedious and often exactly the same in both the capture and recapture, frustrating legal process for which they receive no apparent The degree of matching was then defined based on four benefit. 28 ' 29 All cases of offidally recorded acddents are ag-different standards (A-D). Each of the standards required date gregated at the traffic police headquarters and a daily report is and time to be the same, and place to be similar. Standard A, made, giving details of the traffic acddents reported during the the strictest standard required the name of the victim, the date, last 24 hours. Information on all the offidally reported RTA are time and place of the event, the type and registration number of sent daily to the Traffic Engineering Bureau, a subsidiary of local vehides involved and the patient outcome (survived or died) to government. They then analyse each event with the objective of be matched. For standards B-D the criteria were progressively determining the cause of the RTA and make recommendations slackened, so that each subsequent standard required one less to decrease their inddence. A yearly report is then published criteria for a match (Table 1) .
after an exhaustive analysis of the available data. In some cases one or both data sets did not have the name of Another source of information on RTA related injuries and the victim and registration number of vehide. If one of the data acddents in Karadii is the Edhi Ambulance Service (EAS). This sets had no information on one of the variables while the other is a private philanthropic institution that provides, among other one had it, the variable was considered unmatched on that services, ambulances to transport the sick. We selected EAS as it variable, is by far the largest in the dty; operating 35 Rates and Cl for the whole year were calculated by extrapolating the data of 10 months 20 days to the whole year to calculate the annual incidence. This was done by first dividing the estimated number with 323 (i.e. total number of days for which data was available) and then multiplying this per day estimate by 365. Rates were calculated using 9.9 million as the total Karachi's population 26 and 859 459 registered vehicles in Karachi. 27 The length of roads in Karachi was taken from the Sindh Bureau of Statistic report 1994. 28 
Results
Records from traffic police identified 544 deaths and 793 injuries from RTA in Karachi during the 10 month 20 day study period, while the ambulance services data identified 343 deaths and 2048 injuries for the same time period. Most of the officially, as well as unofficially, reported victims were males (93% and 89% for deaths and 88% and 86% for injuries respectively). The most frequent victim in both sources were pedestrians (35% and 30%) and motorcyclists (19% and 20%). The date, time and place of the accident was recorded in all of the cases, while vehicles Involved were unknown in 1.4% of cases, name of victim was not mentioned in 10% of cases, and vehicle registration number was not known in 1.5% of cases.
Using the least strict standard for matching, standard D (when the time, date and place matched along with any one of the other four variables i.e. name of the victim, registration number of vehide, type of vehicle and patient outcome), comparison of the two groups identified 220 matches, yielding an estimate of 963 deaths/year (95% Cl: 912-1031). Using more restrictive standards for matching resulted in progressively larger estimates of injuries and deaths reaching as high as 47 140 injuries and 3116 deaths using the most restrictive matching standard, standard A ( Table 2) .
The incidence of deaths due to RTA using the capturerecapture method was at least 963 deaths which is equivalent to 9.72 deaths/100 000 population, 11.3 deaths/10 000 vehicles and 3.9 deaths/km of road. Estimated rates for serious injuries due to RTA were 190 injuries/100 000 population, 218 injuries/ 10 000 vehicles, and 77 injuries/km of road. The case fatality rate was 5.1.
Discussion
Even with the least restrictive (most sensitive) matching criteria, criteria D (requiring a matching date, time and place, with one of the following: name of victim, registration number, vehide or outcome matched) the serious injury rates from road traffic injuries in Karachi were 21 times higher than what is offidally reported by the police. Using more strict (more spedfic) criteria increased the difference even further. Since most of the data collection reporting process both by the police force and ambulance drivers was by word of mouth, there was a high likelihood of mismatch on recall intensive data like name of the victim, registration number and the type of vehides. Thus, the least restrictive matching standard, standard D, would likely be most appropriate. These rate estimates would thus be conservative, but would be quite unlikely to falsely overestimate rates. Even these most conservative estimates, however, show that the public health importance of road traffic injuries in Karachi is markedly understated by offidal statistics. The rates for RTA related injuries estimated by the capture-recapture technique are at least 190/100 000 population compared to 9.0 and 20.9 injuries/100 000 population using the Police or the EAS data separately. Offidal sources thus counted only 56% of deaths and 4% of serious injuries. Indeed, the total number of injuries for this one dty, Karachi, is greater than the offidal estimate of the road traffic injuries for the whole country, which has over ten times Karachi's population. 23 The death rate of 9.7/100 000 population, on the other hand is 179% higher than the Table 2 Estimation of deaths and injuries due to road traffic accidents in Karachi for 1994 using the capture-recapture method 5.49/100 000 reported by police and 234% higher than the unofficial figure of 3.46 reported by EAS.
Compared to other cities the death rates for Karachi are much higher than cities in developed countries. For example, while 11.3 people die per 10 000 vehicles registered in Karachi, 1.4 people die in Tokyo, and 2.8 people die in Greater Manchester (UK) for a similar number of vehicles. The rates are however, comparable to developing world cities like Bangkok, Thailand with rates of 10 deaths/10 000 vehicles.
Four major assumptions 18 ' 32 must be satisfied for the capturerecapture methodology to produce reliable results. The first assumption is that all the members of the population have the same probability of being captured. All the accidents occurring anywhere in the city were accessible to the extensive networks of both the traffic police and the EAS. Both institutions have good wireless/radio communication systems and both respond to all the RTA which are brought to their notice. As there is no area of the city that was apparently uncovered by either of the systems, all serious RTA In the city have an apparently equal chance of either being taken care of by police or transported by EAS to the hospital or both.
The second assumption is that the capture sources should be independent. This is a difficult assumption to fulfil in most studies which employ capture-recapture methodology. 26 In our study too it will be the more serious injuries which will require ambulance transport and will go to a major government hospital casualty department where there is a medicolegal officer on duty, so there is some degree of positive dependence. Any positive dependence, however, will lead to an overestimate of the number of matches, and so an underestimate of the total number of injuries, thus calculating only the serious forms of injuries. This may be one of the reasons for a higher fatality rate of 5.13% as compared to 1.7% for other developing countries. Indeed, if we assume that the case fatality rate of Karachi is similar to other developing countries the number of serious injuries represented by the number of deaths noted in the analysis would be three times larger.
The third assumption using capture-recapture methods is that the population should be dosed. This assumption ensures that there are no major changes in the total population between the time period between the two captures. In our study, since the capture and the recapture was taking place at the same time, there was no chance of any change in the population.
The fourth assumption is that the capture history of all the cases should be accurate. We assume that because of basic legal requirements, police tend to record the date, time, place, vehicle involved and name of the victim much more accurately as opposed to the actual event and burden of mistake. The information on EAS logs are first hand information from the ambulance driver himself who is the actual witness at the site of accident, which in itself reduces the chances of inaccurate reporting. Moreover, to address the difference in the language of the names and inconsistency in the addresses we used loose criteria for matching.
Importantly, for this study, RTA fatality was determined at the time of transport for EAS or the time of emergency room discharge for the police data. Both of these approaches underestimate fatality, and again emphasizes that the mortality estimates provided by this analysis are minimum estimates.
By using the capture-recapture method an estimate of the burden of ill health can be made especially in developing countries where there is no working system to accurately record the number of injuries and deaths. Pakistan, like other developing countries, is likely to have an increase in traffic which can lead to substantially increased deaths and disability unless efforts are made to understand the problem and steps taken now.
